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Opportunities for adaptive online collaboration to enhance rural land 
management 
Abstract 
Cross-property cooperation has the potential to enhance the effectiveness of 
environmental management actions that cut across property boundaries. Online tools 
can facilitate this and overcome barriers to landholder engagement in collaborative 
management. However, collaborative online tools need to be designed and tailored to 
users’ needs and values, and landholder participation in the development process is 
critical to ensuring uptake and long-term use. 
This article presents a case study from the Central Tablelands region of New South 
Wales, Australia, where landholders have been involved in participatory development 
of a new online collaboration tool.  The case study results highlight the significance of 
issues such as internet access, privacy, technical proficiency and differing stakeholder 
objectives. A landholder survey identified mapping and the uploading of monitoring 
data as important functions for the online tool, but these were not rated as highly as 
functions relating to data security, sharing settings and key term searches. 
Consequently, we recommend that a future online collaboration tool for the region is 
not framed specifically as a mapping or citizen science tool, but rather as an adaptive 
collaboration and communication tool that can incorporate a variety of data types and 
formats and be modified over time in line with changing landholder needs. 
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Cross-property cooperation can enhance the effectiveness of environmental 
management actions that cross property boundaries, including for monitoring 
(Lawrence et al., 2007), sustaining ecosystem services (Rickenbach et al., 2011) and 
developing new commercial enterprises (Baumber et al., 2009). However, a tension 
often exists between the scale at which such collaboration may be required and the scale 
at which landholders make land management decisions (Wyborn and Bixler, 2013). 
Online tools have the potential to bridge this gap by enhancing communication, data-
sharing and collaborative decision-making (Palomino et al., 2017). In this article, we 
employ a case study approach to assess interest in online collaboration tools for land 
and natural resource management in the Central Tablelands region of New South Wales 
(NSW), Australia. 
In Australia, the Landcare movement has been a prominent example of collaborative 
cross-property land management since the mid-1980s, with local groups engaging in 
tree planting, erosion control, pest and weed management, riparian zone fencing and 
other activities for both conservation and production (Compton and Beeton, 2012; 
Curtis et al., 2014; Lockwood, 2000). However, Landcare activities have been declining 
in some areas due to changes in government support and demographic shifts, including 
the migration of rural amenity “lifestylers” into many areas (Tennent and Lockie, 2013). 
These changing demographics can create challenges for landholders in engaging with 
neighbours through traditional networks and communication strategies (Meadows et al., 
2014).  
Online collaboration tools offer new platforms for landholders to store and share 
monitoring data (Newman et al., 2010), to enhance the speed and scope of engagement 
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with other stakeholders (Rotman et al., 2012) and to participate in planning around 
landscape-scale issues (Meyer et al., 2016). Furthermore, online tools that allow land 
managers to collectively record data, plan management trials and modify practices in 
response to new information may enhance their adaptive capacity in line with the notion 
of “adaptive co-management” (Berkes, 2007). As such, online tools have the potential 
to enhance not only the level of collaboration amongst landholders, but also to enhance 
their capacity to adapt land management to changing circumstances. 
Section 2 of this article provides a global-scale review of online tools for collaborative 
environmental management. The case study region is then introduced in Section 3, 
along with the methods and results of a landholder survey. Section 4 provides a 
discussion of the implications of the case study research for the broader field of online 
collaboration tools.   
2. Online tools for collaborative environmental management – a global overview 
Rural landholders may choose to utilise online collaboration tools for a wide range of 
purposes, including farm management, planning conservation projects, developing new 
enterprises and sharing data through citizen science programs. Palomino et al. (2017) 
argue that advances in geospatial data and tools can facilitate greater collaboration in 
four main ways: (1) enabling groups to divide up tasks across expansive geographic 
scales; (2) allowing greater sharing of data and peer review; (3) enhancing 
communication between stakeholders; and (4) allowing integration of complementary 
tools, such as mapping and communication tools. 
The features of online collaboration tools vary according to their purpose and the 
characteristics of their users. For example, citizen science websites and apps generally 
do not require users to have a high level of technical skill and employ a modular system 
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whereby each user completes a small part of the project. In contrast, participatory 
geographic information systems (PGIS) may require a skilled facilitator to assist users 
(e.g. Karimi and Brown, 2017; Meyer et al., 2016). Tools that are primarily focused 
around mapping and designed to allow users with little or no training to create their own 
maps may be classed as “neogeography” (Turner, 2006). While mapping is a central 
feature of neogeography and PGIS, other tools may focus more on facilitating 
communication or sharing non-spatial data such as photographs and case studies. 
2.1 Participatory Geographic Information Systems (PGIS) 
Participatory GIS (PGIS), including related terms such as Public Participation GIS 
(PPGIS) and participatory mapping, have been used for a range of applications in 
Australia and many other countries. Karimi and Brown (2017) note that PGIS 
approaches often differ between developing countries, where PGIS is used to mediate 
disputes over access to land and natural resources, and developed countries, where 
PGIS is used to understand competing values and preferences around how land should 
be used.  
Meyer et al. (2016) report the results of two regional case studies in South Australia, 
where regional planners developed a web-based landscape futures PGIS tool. 
Government agency staff, community advisory board members and farmers were 
engaged in the setting of landscape goals and evaluating the outputs of the tool, while 
project team members with specific expertise undertook the data collation, designed the 
interface and conducted social research into the tool’s effectiveness. Karimi and Brown 
(2017) report on a similar exercise in Queensland, where government agency staff 
assigned values to different land uses such as conservation, mining, residential 
development and tourism. Common features of these two examples are that they were 
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targeted at a regional scale (4000-80,000 km2), focused primarily on government 
agency staff and required expert facilitators.  
Jankowski (2009) discusses the potential of PGIS to enable groups of local people to 
participate in decisions shaping their communities, shown through two case studies on 
the management of water resources in Idaho. As with the case studies of Meyer et al. 
(2016), Jankowski’s case studies involved GIS resources developed by agency staff and 
experts, with the role of landholders being to identify values, goals and strategies to 
address regional challenges. Ramsey (2009) argues that a limitation of some PGIS 
approaches is that they frame the exercise as one of “problem-solving” and present GIS 
data in a manner that can pre-determine how users should view the problem and which 
solutions may be appropriate. 
2.2 Citizen science, volunteered geographic information and neogeography 
Citizen science, or crowd science, seeks to engage volunteers in the collection, analysis 
and curation of scientific data, with such volunteers typically lacking formal credentials 
or professional positions in scientific institutions (Rotman et al. 2012). Citizen science 
projects can be divided into three categories (Bonney et al., 2009): Contributory 
projects, where scientists design the project and volunteers contribute data; 
Collaborative projects, where volunteers have input into project design; and Co-created 
projects, where scientists and volunteers are involved in all parts of the project.  
Landholders may be a target group for participation in citizen science projects through 
the collection and reporting of data on environmental issues in their area (Newman et 
al., 2010). FeralScan is an Australian example developed by the Centre for Invasive 
Species Solutions. Branded as “citizen surveillance”, it allows landholders and other 
community members to record and share sightings of invasive species, including foxes, 
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pigs, goats and cats (FeralScan, 2017).  In other cases, volunteers are involved in data 
analysis rather than collection, such as the site www.globalfishingwatch.org, which 
involves analysis of large datasets on marine vessel movements to monitor compliance 
and identify illegal activity (Robards et al., 2016). 
The internet has provided the opportunity for citizen science to become more widely 
distributed and practiced (Rotman et al., 2012). The integration of online mapping and 
citizen science can enhance the ability of landholders to incorporate results into their 
land management practices (Newman et al., 2017). However, care is required to ensure 
that participant tasks are suited to their differing skill levels (Franzoni and Sauermann, 
2014). 
Where citizen science involves the uploading of data via online tools, it overlaps with 
VGI, or Volunteered Geographic Information (Goodchild, 2007). However, citizen 
science does not necessarily require an online component and the contribution of VGI is 
not necessarily motivated by scientific goals (e.g. users uploading photos or marking 
points of interest). Similarly, citizen science and VGI can overlap with neogeography, 
defined by Turner (2006, p. 3) as “people using and creating their own maps, on their 
own terms and by combining elements of an existing toolset”. While the philosophy of 
users defining their own goals and uses for maps makes neogeography a broader 
concept than citizen science, the extent to which many users are truly able to engage 
“on their own terms” has been challenged due to issues such as access and education 
(Haklay, 2013). 
2.3 Incorporation of property and landscape data into participatory online tools 
Land managers can use participatory online tools in several ways to maximise their 
relevance for decision-making at the property or landscape scale. One option is to 
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engage landholders in “ground-truthing” GIS-derived data. For example, Al-Wadaey 
and Ziadat (2014) asked local farmers in Syria to validate GIS-generated maps on land 
vulnerability to soil erosion. The maps were modified according to the farmers’ 
responses, and subsequently used to distribute land management funding to landholders. 
The design of citizen science tools can increase their relevance for property-scale 
decision-making by feeding data back to landholders in user-friendly formats. One such 
example is the Atlas of Living Australia, an online mapping tool that allows community 
members to upload data according to citizen science principles and to display sightings 
of threatened species or downloading them for use in GIS projects (The Atlas of Living 
Australia, 2017).  
In cases where neighbouring landholders are prepared to work together and share 
sensitive data, it may be feasible for property-level monitoring data to be shared via 
online tools. For example, Ampt and Baumber (2010) report on a system of reference 
sites to be monitored using Landscape Function Analysis (LFA) and shared via an 
online tool amongst landholders in far-western NSW. Rapid assessment tools such as 
LFA may be well-suited to the compilation and sharing of cross-property data in this 
fashion, as they can encourage communication and learning while not requiring all 
participants to have the time and motivation required for full sustainability assessments 
(Marchand et al., 2014). 
2.4 Barriers and opportunities relating to the use of online tools by landholders 
While the increasing use of online collaboration tools for natural resource management 
presents opportunities to share knowledge and adjust land management, there are also a 
range of barriers to the use of these tools by landholders. Participatory online tools can 
help to overcome geographical barriers (Rotman et al., 2012) and to democratise the 
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process of producing and using geographical information (Byrne and Pickard, 2016). 
However, unequal internet access, a lack of technological proficiency, variable data 
quality, differing motivations and the need for trust and transparency can all pose 
barriers, particularly in rural and remote settings where most land is managed. 
Lack of broadband internet access, can pose a barrier to the use of online collaboration 
tools in remote areas, developing countries and among poor and marginalised people 
(Haklay, 2013). A lack of digital literacy among many of the same demographic groups 
can compound access challenges (Cinnamon and Schuurman, 2013).  
Even in developed countries with high overall levels of internet usage, such as the 
United States or Australia, the unintentional exclusion of certain groups from 
participatory mapping or planning projects that rely on online tools may lead to the 
under-representation of certain opinions and values. For example, in their study of 
indigenous relationships with land on the Flathead Indian Reservation in Montana, 
Carver et al. (2009) found that the older members of the community with the most 
valuable historical knowledge were the least technologically literate. Mekonnen & 
Gorsevski (2015) identify some ways to overcome these barriers, such as the use of 
appropriate language and user-friendly features. 
Advances in mobile technologies and the simplification of user interfaces have the 
potential to break down access barriers and further democratize the use of online 
collaboration tools (Cinnamon and Schuurman, 2013). Writing in 2007, Goodchild 
lamented that “In principle, much could be achieved through mobile phones, which 
often have the ability to connect to the Internet and to capture images, but the tools 
needed to exploit this limited environment as a source for VGI do not yet exist” 
(Goodchild, 2007 p. 220). A decade on, Palomino et al. reported “a rapid expansion in 
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the sources of geospatial data from mobile devices” (Palomino et al., 2017 p. 80), with 
several mapping tools operating on mobile platforms. Furthermore, they highlighted 
that technological literacy has become less of a barrier for citizen science projects, due 
to the “availability of low-to-no cost, easy-to-launch tools that require little 
infrastructure investment or technical knowledge by users” (p. 88). 
Maintaining data quality can be a barrier for online tools, particularly citizen science 
projects where data quality needs to be considered in the recruitment of data collectors, 
collection methods, data entry and analysis (Newman et al., 2010). In public 
participation GIS, data quality is linked with sampling design, participation rates and 
inclusion of relevant actors (Brown and Kytta, 2014). Sufficiency of spatial data is a 
parameter affecting its quality for meaningful analysis. One option to increase 
transparency is to provide users of the data with an indication of its quality and 
reliability. For example, the Atlas of Living Australia allows users to display 
biodiversity data based on “spatially-valid records”, “spatially-suspect records” or 
“expert distribution areas” (The Atlas of Living Australia, 2017). The latter aligns with 
the concept of social approach to data quality proposed by Goodchild and Li (2012). 
Aligning the motivation of users with project objectives is a common challenge, 
particularly for citizen science projects. Rotman et al. (2012) highlight that motivations 
are highly variable, with some users interested in projects that would benefit their local 
area, and others motivated by rewards. Franzoni and Sauermann (2014) discuss the need 
for tailored strategies to encourage participants at all engagement levels, including the 
numerous less-frequent contributors who may contribute the largest proportion of data 
over time. Tools that require less time and effort may increase participation of time-
poor or less-motivated users (Marchand et al., 2014).  
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Trust and transparency are critical considerations for tools that rely on public 
participation. In contexts where GIS tools are not widely available or resulting analyses 
are not shared with contributors, community members may view GIS tools as elitist and 
indicative of a top-down approach to land management (Carver et al., 2001). Wang et 
al. (2008) commented that, in their Chinese case study, locals were suspicious of final 
outcomes as they assumed that the views of officials would hold more influence than 
their own views.  
Haklay (2013) argues that true democratisation of PGIS, VGI and neogeography first 
requires a recognition that technology platforms and mapping tools are most often 
designed by a small demographic that is male, highly-educated and affluent. Cravens 
(2014; 2016) emphasises the need for software producers to work closely with targeted 
users when developing tools, including piloting and adaptation to identify and remedy 
unexpected challenges arising from the design of the interface. Genuinely participatory 
and inclusive approaches require broad-based community involvement, not only in the 
collection of data, but also in the design of the technology platforms and mapping 
projects. 
3 Case study – NSW Central Tablelands 
3.1 Aims and introduction 
In this case study research, we aimed to assess the interest of landholders in the New 
South Wales Central Tablelands in using online tools to collaborate on natural resource 
management, including the features they would value most in a hypothetical online tool. 
The study was funded by the NSW Environmental Trust and involved three universities 
(The University of Sydney, The University of New South Wales and The University of 
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Technology Sydney), Landcare NSW Inc. and the Central Tablelands Local Land 
Services (a NSW Government agency).  
The Central Tablelands region is located in central NSW across the plateau formed by   
the Great Dividing Range, which divides the coastal strip of eastern Australia from its 
western slopes and plains. Major cities and towns include Bathurst, Orange and Mudgee 
(Figure 1). The case study focuses on two locations in the region, referred to as the NE 
and SW case study areas. 
 
Figure 1: Location of the North-East (NE) and South-West (SW) case study areas 
in the NSW Central Tablelands. Map data: Google. 
The dominant land use across the Central Tablelands is sheep and cattle grazing (NSW 
Government, 2007), with significant conservation areas in the east and cropping in the 
west. Mean annual rainfall (Bureau of Meteorology, 2012) is highest in the east (around 
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900 mm at Lithgow), declining towards the north (670 mm at Mudgee) and west (640 
mm at Bathurst). 
The Central Tablelands region has shown strong evidence of what Holmes (2006) terms 
the “multifunctional rural transition”, with an influx of so-called “rural lifestylers” who 
are not dependent on the land for their income (Central West Independent Review 
Panel, 2007). Rural lifestylers concentrate mostly around major towns and transport 
routes to Sydney, which is a two to four hour drive from most parts of the region.  
Environmental issues in the Central Tablelands vary depending on the extent of remnant 
native vegetation, rainfall, elevation and soil type. The dominance of coarse-grained 
acidic rock types has led to sandy-textured soils that are susceptible to erosion, while 
parts of the region are also susceptible to soil salinity (Central West Catchment 
Management Authority, 2007). Runoff from the tablelands supplies a number of 
reservoirs that supply potable water to Sydney as well as irrigation water for inland 
farming communities.  
The Landcare movement is active in the Central Tablelands, including many small local 
groups as well as larger umbrella groups such as Watershed Landcare, covering 9000 
km2 around Mudgee. For the region, researchers have previously identified 
opportunities for cross-property collaboration on a range of activities that combine 
conservation and production, including grazing management to improve landscape 
health (Ampt and Doornbos, 2011) and agroforestry for erosion control and biodiversity 





3.2 Online collaboration tools with relevance to the case study region 
A number of online collaboration tools operate in the case study area, with landholders 
asked about their usage of such tools as part of the case study (see methods section 3.3). 
The New South Wales Landcare Gateway (landcare.nsw.gov.au) enables landholders to 
find information about active environmental groups in their area and allows group 
coordinators to post information such as a basic map, news, images, case studies, 
contact details and links to social media. However, this platform was not initially 
designed for regular Landcare group members to upload or manipulate data. NSW 
Spatial Information Exchange (maps.six.nsw.gov.au) has more of a focus on spatial 
data, particularly cadastral data relating to property boundaries and survey markers, 
allowing users to display or download, but not upload, data. The NRM Hub 
(www.nrmhub.com.au) has more of a production focus, allowing landholders to build 
customised maps and analyse the condition of their properties over time to better 
understand their long-term carrying capacity and pasture utilisation.  However, it does 
not focus on cross-property activity or provide a platform for farmer-to-farmer 
communication.   
Two previously-mentioned online platforms for citizen science that operate in the case 
study region are the Atlas of Living Australia (www.ala.org.au) and FeralScan 
(www.feralscan.org.au). The Atlas of Living Australia (ALA) has a focus on native 
species, particularly threatened species, while FeralScan focuses on introduced pest 
animals. ALA allows users to upload data and view data uploaded by others, as well as 
to download maps and data layers. As well, the NSW Bionet: Atlas of NSW Wildlife 
(www.bionet.nsw.gov.au) is a NSW Government resource designed primarily to allow 
individuals to search government databases for listed plants and animals. While species 
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sightings can be displayed on a map, users can only contribute sightings by completing 
and submitting a spreadsheet. 
A number of online tools designed to connect food consumers, producers, gardeners and 
landholders include coverage of the NSW Central Tablelands. The Open Food Network 
(openfoodnetwork.org) seeks to link urban consumers to rural food producers and 
retailers stocking their produce. The mapping system allows rural landholders to upload 
information about their production systems, including how to purchase their produce. 
Other online mapping tools are primarily aimed at connecting urban users with 
community gardens or underutilised land, such as the Australian City Farms and 
Community Gardens Network (directory.communitygarden.org.au) and 3000 Acres 
(3000acres.org), which is based on the 596 Acres project in New York City 
(596acres.org). 
As well as the regional platforms listed above, landholders in the Central Tablelands 
can share information via global social media platforms such as Facebook, Twitter and 
Instagram, along with online GIS tools such as Google Earth, ArcGIS Online, QGIS 
Cloud and NextGIS. These tools allow landholders to upload, download and manipulate 
data to build their own geospatial projects based on topics of interest to them, rather 
than being confined by the priorities of the developers of other sites. They also 
commonly offer the advantage of being free and/or open source, with increasing inter-
operability and ongoing development of new functionality by their user communities 
(Palomino et al., 2017). However, for neighbouring landholders to collaborate through 
these platforms, they first need to set up their own administrative and communication 
structures, which can exist along a spectrum from informal (neighbours sharing data 
without any agreements in place) to formal (e.g. Landcare group or other incorporated 
association). As such, there are advantages and disadvantages in using either existing 
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platforms focused on specific activities or developing customised projects through free 
and/or open-source online GIS tools. 
3.3 Case study methods 
We used Participatory Rural Appraisal (PRA) to collect data and analyse results 
(Campbell, 2001; Narayanasamy, 2009). This approach treats rural people as co-
producers of knowledge and seeks to enable them to share, enhance and analyse their 
knowledge for use in participatory planning and action (Chambers, 1994). In September 
and October 2016, two Participatory Rural Appraisal (PRA) exercises were undertaken 
in the NE and SW case study areas, with 26 and 29 landholders interviewed in the two 
areas respectively. Landholders were recruited by drawing on the networks of key 
stakeholders involved with organisations such as the Watershed Landcare Group, which 
covers most of the NE case study area, and Hovells Creek Landcare Group (SW area) 
and the Kanangra-Boyd to Wyangala (K2W) regional partnership, which covers most of 
the SW case study area and has a focus on native vegetation connectivity. Staff from the 
Central Tablelands Local Land Services, a NSW Government agency, were involved in 
recruitment and interviewing in both case study areas. 
Each PRA involved a team of interviewers working in pairs, with one university 
researcher partnered with a local stakeholder from either a Landcare group, the K2W 
group or the Central Tablelands Local Land Services. Interviewers asked each 
landholder a range of questions in a semi-structured interview format covering land 
management practices, history of collaboration around conservation and production and 
interest in further collaboration under different models (e.g. informal, co-operatives, 
incorporated associations, business ventures). The final interview questions asked 
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interviewees whether they currently used any online tools to collaborate and whether 
they would be interested in using a new or revised online collaboration tool. 
At the end of each interview, interviewees were asked to complete a written survey 
covering the following topics: 
1. Internet access and usage: Sub-questions covering hours per week spent on the 
web, time willing to spend using an online collaboration tool, quality of internet access 
and devices used to access the internet (PC, laptop, phone, tablet). 
2. Functions most valued in a potential new online collaboration tool: Rating 
options from a list including mapping, search function, discussion forum, links to social 
media, ability to upload monitoring data, different member categories (e.g. Landcare 
group, government, commercial service provider), ability to buy and sell products or 
services, differentiated access levels (e.g. private, group and public visibility options) 
and data security. 
3. Most important characteristics of a “user-friendly” online tool: interviewees had 
to select from a list including compatible with phone/tablet, fast loading speed, large 
clear text, simple colour scheme, simple menu options, accessible to vision or hearing-
impaired people, other (more than one option could be chosen). 
4. Types of data they would be willing to share with other landholders online: 
landholders had to choose from a list including monitoring results, photos, case studies, 
contact details, reviews/ratings of services or products they have used, other (more than 
one option could be selected). 
5. Willingness to pay a fee to access an online tool that provides economic and 
conservation benefits: Options were zero (must be free), up to AUD10 per year, 
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AUD11-20 per year, AUD21-50 per year and more than AUD50 per year. 
The interview questions and survey are included in the Supplementary Material. 
To illustrate some of the potential functionality of an online collaboration tool, 
screenshots of existing tools were shown to interviewees prior to completing the survey. 
The NSW Landcare Gateway (landcare.nsw.gov.au/map) was used to demonstrate the 
ability to link data to a point on a map. The project’s Facebook page 
(www.facebook.com/landholdercollab) was used to demonstrate linking an online tool 
to social media. The UK Community Maps site (communitymaps.org.uk/project/air-
quality-monitoring) was used to demonstrate the ability to upload and view monitoring 
data. Lastly, the Forage Fish map on the Canadian Community Mapping Network 
(cmnmaps.ca/FORAGEFISH2/map_public.php) served to demonstrate the ability to 
include private group spaces that limit sensitive data to group members with a login. 
An advantage of conducting both a written survey and a semi-structured interview was 
that it enabled responses to be recorded consistently and analysed quantitatively (through 
the survey), while also allowing for qualitative responses to be captured that expanded 
on the restricted options provided on the survey from. Many respondents made 
comments to interviewers while completing the survey and these comments were 
recorded and transcribed along with their other interview responses. 
 Overall, 45 of the 55 interviewees completed the survey (22 in the NE case study 
area and 23 in the SW case study area). There was a mix of large commercial farmers 
and smaller non-commercial landholders in each area. Ten interviewees declined to 
complete the survey (four in the NE case study area and six in the SW case study area), 
with three landholders (all in SW) explicitly citing a lack of current internet usage and 
disinterest in using an online tool as reasons for not completing the survey. Others gave 
 
19 
no reason, cited a lack of time or offered to complete the survey later, but ultimately did 
not return it. 
3.4 Results 
Interviewee characteristics 
Participants in the two study regions differed in terms of average property size, 
property use and the prevalence of rural lifestylers. In the NE area, participants were 
predominantly small-to-medium landholders (n=17/26 interviewees), with more than 
half identifying as rural lifestylers who had moved to the area from a major city 
(usually Sydney) and had either “hobby farms” or land managed for conservation. 
Eight participants were large-scale commercial producers and one was from a 
government conservation agency. Production was highly diverse in this area, with 
interviewees producing sheep for wool or meat, beef, wine, alpacas and pigs.   
In contrast, participants in the SW study area were predominantly medium-to-large 
commercial landholders (n=19/29 interviewees) producing sheep (for meat and wool) 
and beef. Rural lifestylers were less prevalent, with most interviewees coming from 
inter-generational farming families within the region or nearby. Interviewees informed 
us that there were a number of absentee landholders clustered in parts of the region.   
Interviewees were not asked their age and there was no obvious difference between the 
two areas in this regard. The potential collaboration issues identified by interviewees 
were similar in each area, including weeds and pest animals, ecological restoration, 




Internet usage and preferences 
Internet usage and access was variable, with 6-10 hours/week being the most 
commonly-selected category for internet usage in both areas (Figure 2). The SW 
area featured more landholders reporting very low internet usage levels. The most 
commonly-used online collaboration tools reported by interviewees were Facebook, 
farming discussion forums and the NSW Landcare Gateway, while many tools such as 
the The Open Food Network, NRMHub, The Atlas of Living Australia, NSW Bionet, 
FeralScan, Google Earth and QGIS Cloud were not mentioned at all. 
When asked how much they would use an online tool for connecting with other 
landholders, the average amount of time nominated was around 2 hours per week (2.1 
for NE and 1.8 for SW). For these two questions only, the three SW landholders who 
declined to complete the survey were included in the results (under the lowest 
category for current usage and zero usage for a new tool). 
 
















The devices used to access the internet differed between the two case study 
areas, with PC and laptop more common in the SW and phone and tablet more 
common in the NE (Figure 3).  
 
Figure 3: Devices used to access internet in each case study area. Respondents could 
choose more than one option. 
Landholders at both sites reported poor internet access, with interviewee 
comments including: 
“You’re talking about fifth generation farmers who don't even have their 
internet… our internet is a joke. Our phone goes out first drop of rain.” 
(NE19) 
“Over the years, you get excited that you get faster internet, and it opens 
up a whole world of everything. Then you come here and you think, wow. 
We've got to go back to no mobiles, no landline, and no internet .”(NE4) 

















access, we'd probably spend more [time on it].” (SW5) 
The percentage of respondents who described their internet access as poor/very 
poor/terrible or similar was higher in the SW area (67%) than in the NE area 
(53%). The opposite pattern emerged for those describing internet access as good,  
reliable or similar (NE 29%,  S W 17%). The lower level of internet usage and greater 
reliance on PCs/laptops over mobile devices in the SW area may be linked to poorer 
reported internet and/or the higher proportion of commercial farmers who had lived in 
rural areas all their lives.  
For the survey question on functionality (Figure 4), results were similar for both sites, 
with respondents rating data security as most important, followed by ability to choose 
public or private settings for uploaded data. 
 
Figure 4: Average ratings for different potential functions of an online tool 
The ability to search using key terms (e.g. weeds) was the third-highest ranking 
function. Mapping and uploading monitoring data are key features for PGIS and 







(4 = very 
important, 
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important, 





4. Despite this, a number of respondents made positive comments about collaborative 
mapping: 
“mapping function might be interesting just to see who is interested (NE9) 
“let's say the new reveg areas that you're doing… you'd be able to pinpoint them 
on a map… ‘this is what we want to do next year and this is what we've already 
done’… Look at linkages and try and do infill and things like that to develop a 
plan…” (SW9) 
“it gives you an opportunity to have a look at what is available nearby… You 
might find people that you don't know, not that far away from you doing 
something” (NE1) 
The ability of a collaborative tool to link to social media was rated lowest of all listed 
functions, with discussion forums rated second-lowest. One function that was not 
specifically listed on the survey but came up in interviewee comments was the ability to 
post upcoming news or events (e.g. pest or weed management):  
“even if it's, ‘Oh, I'm spraying tussock today’…I think people's time is too 
valuable to be sitting there calling up your neighbours one by one, you just tell 
them all at once, just put it out there, ‘The helicopter is coming out if you want 
to get some done as well.’” (SW7) 
“…information on what's happening. If there's wild dog attacks, things like that. 
Possible risks to your farm. If there's information about new chemicals to control 
weeds, or if they're working for you, or if there's particular weeds that are 
popping up in the nearby area…People could put on there that we're gonna bait. 
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And I think, okay, if I've got a problem, I could say, "Yeah, count me in."’ 
(NE20) 
When asked which data landholders would be willing to share (from a list provided), 
monitoring results and photos rated highest at both sites, followed by reviews/ratings, 
case studies and contact details. However, interviewee comments indicated that 
willingness to share was highly variable across different data types and other data types 
left off the survey list may be important. For example: 
“...it depends on what it is. Some information I wouldn't mind being out there 
generally, particularly rainfall data…My carbon storing information, no, no. I 
don't tell people what I get per kilogram for my meat.” (NE5) 
Other respondents indicated a willingness to have a wide range of data about land 
management publically available: 
“It's a really non-intrusive way of people checking you out. I say go ahead, stalk 
us, because that's what I want you to do. Go ahead and have a look at what we 
do. I've got nothing to hide. What we do is quality work, so if you see something 
in there that you like and you want us to do something like that for you, then 
that's fantastic.” (NE3) 
When considering the most important features for making an online tool user-
friendly (Figure 5), respondents at both sites most commonly selected “ simple menu 
options”. This was followed by phone/tablet compatibility and fast loading speed. 
Some respondents commented that, even with user-friendly interfaces, some landholders 
may find the technology challenging:  
“You got to learn all this though. It is important, but you've still got to be able to 
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know what to do. For me, I’m still learning.” (SW 1)  
“there's a lot of older people out there too. Our neighbour out there, he can barely 
do an email. As for going online or doing Facebook or anything like that, it's just 
not going to happen. You lose access [to] a percentage that could be similar to 
him out there. How many young people are in farming these days? (NE 6) 
 
Figure 5: User-friendliness factors selected by respondents in each case study 
area. 
Most respondents were willing to pay for membership, with several noting that value 
would need to be evident before they would pay. At both sites, the most common fee 
range nominated was AUD21-50 per year. 
Aside from the issues covered in the survey, one theme that came up repeatedly in 
interviewee comments was the potential of the tool to enhance communication: 
“That's a very strong message that's coming through. The need for a better 
connection with all landholders, essentially. Whereas a traditional area where 






































cohesion was there, whereas it's not so much now. Anything that can help bridge 
those gaps, is gonna be a good thing” (SW23) 
 “It'd be very interesting to get that communication going because 
communication just doesn't happen, does it? People that work in silos, "I'm doing 
my thing on my place… but no one else knows about it." (NE6)  
“People aren't gathering anymore, so I think that online discussion forums have 
to be a really key link to having conversations about what they're doing and 
what's going to work” (NE14) 
4 Discussion 
The interview responses and results of the online tool survey are relevant to a range of 
natural resource management stakeholders engaged with landholder in the study area, 
including: Landcare NSW, which operates the NSW Landcare Gateway; Central 
Tablelands Local Land Services, which has responsibility for facilitating conservation 
and sustainable production activities; and the NSW Environmental Trust, which funded 
the research.  As well, these results can inform the development of online tools in other 
rural and remote locations.  
Key implications identified in the case study research relate to mobile device 
compatibility, poor internet access, users’ need for simple menu options, landholders’ 
interest in having differing data sharing settings and the need to ensure that any online 
tool for the areas is adaptable to multiple potential uses, rather than being framed as a 
“mapping” or “citizen science” tool. Landholders did not identify many of the existing 
collaboration tools available in the region as tools they use regularly. In addition, many 
of these tools are promoted as either mapping tools (e.g. Google Earth, QGIS Cloud) or 
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citizen science tools (e.g. Atlas of Living Australia, Feralscan). Others that have a 
broader scope, such as the NSW Landcare Gateway, do not include key features such as 
private group spaces or the ability for general users to upload photos and observation 
data (at least at the time the survey was conducted). 
The high level of usage of mobile devices in the case study area makes it essential that 
any locally-developed tool is compatible with phones and tablets. This reflects the latest 
global trends around collaborative geospatial tools (Palomino et al., 2017). Even in the 
SW case study area, where landholders reported lower usage of mobile devices (possibly 
due to poor internet access or demographic factors), mobile access is likely to become 
more significant over time. However, the prevalence of PC and laptop usage in the SW 
case study area highlights the need to ensure that tools are not mobile-only (e.g. existing 
solely as apps for smartphones). 
Designers of online tools also need to account for the prevalence of slow and unreliable 
internet access in rural areas. This may mean avoiding large complex graphics and 
simplifying mapping and photo functions to ensure users with slow internet can still 
benefit from the sharing of results and case studies (e.g. making photos viewable only 
after users select them). Text-based search options may be preferable to map-based 
searches in this region, based on internet speeds and the preferences expressed by the 
surveyed landholders. As links to social media and discussion forums were not rated 
highly, online tools could include these as extra features rather than core functions. 
Apart from phone/tablet compatibility and fast access speeds, respondents associated 
user-friendliness with simple menu options. As such, online tools should provide 
limited menu options and clear descriptions. This reflects the recommendation of 
Mekonnen & Gorsevski (2015) to employ easy-to-use features and may help to 
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overcome barriers related to a lack of technological literacy among certain demographic 
groups identified in other studies (Carver et al., 2009; Haklay, 2013).  
Internet usage in this study was lower in the SW area, which had poorer reported 
internet quality as well as a higher proportion of commercial farmers who had lived in 
rural areas all their lives. A limitation of this study is that the survey data on internet 
quality was recorded separately from interview data on land use and rural/urban origin 
and thus could not be analysed for correlations. Larger-scale regional surveys could 
enable statistical analysis of such correlations, but should be complemented by local-
scale participatory approaches to ensure that collaboration tools are adaptable to local 
conditions and preferences. 
Surveyed landholders in both areas expressed a strong interest in a tool with differing 
levels of access, such as the use of private group spaces to share sensitive data. Data 
security was highly valued and would need to be ensured for contact details and any 
data that could be linked to an individual property. The design of a new collaborative 
tool for the region should allow for a select group (e.g. a Landcare group) to share 
sensitive data with one another, while only making general or non-sensitive data 
available to the broader public (e.g. generalized monitoring results from the Landcare 
group rather than results from each individual property). 
Surveyed landholders indicated a willingness to pay a fee, though the value of the 
site would need to be demonstrated first, especially due to the number of free online 
collaboration tools available (Palomino et al., 2017). As much of the site’s value 
depends on its use by landholders, one strategy may be to build up a critical mass of 
users before any fee is imposed. Another could be to employ the “freemium” approach 
taken by other tools, which provide free use of basic functions, but charge for increased 
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functionality (Palomino et al., 2017). It is also important to note that tools that are 
“free” in the sense of having no fees may still require an investment of time to set up 
and that a lack of fees or charges does not necessarily mean that a tool is open-source 
(i.e. readily able to be customised to user needs). 
A final implication of the case study relates to the framing of any online tool developed 
for the area. Two common approaches to framing online collaboration tools are 
participatory mapping (or PGIS) and citizen science. However, when asked about the 
functions that were most important to them, landholders in the case study areas rated 
mapping and the uploading of monitoring data below data security, the ability to set 
differentiated sharing settings and the need for a key term search. This indicates that 
landholders were less concerned with the types of data they would be sharing (e.g. 
spatial, monitoring data) than they were with how that data would be shared. To align 
with landholder priorities, data of all types would need to be stored in a secure manner 
that allows for differentiated access level and searching and navigation using key terms 
and simple menu options. 
The case study results have implications for the development of online collaboration 
tools for landholders beyond the case study site. Developers of PGIS approaches in 
other locations have encountered differences between their expectations and those of 
potential users (Ramsey, 2009). One option to avoid placing limits on how such tools 
could be used is to refrain from using terms such as PGIS, citizen science or social 
media during the early design phase of such tools.  
An adaptive approach to the development of online collaboration tools involves 
designing tools that can be used for key purposes such as mapping, reporting 
observations or linking to social media, but also ensuring that tools are flexible enough 
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to cater for emergent uses arising from the changing needs and aspirations of users. 
Such an approach requires designers to consider how to engage users in the redesign or 
“hacking” of collaborative tools (Haklay, 2013). This approach could also advance 
“adaptive co-management” (Berkes, 2007) by enabling local stakeholders to work 
together to adapt not only their land management strategies but also the ways in which 
they collaborate over time. 
5 Conclusion 
Online tools for landholder collaboration offer the potential to enhance communication 
and social connectivity, identify landscape-scale opportunities, share data and 
management practices, divide up tasks and integrate complementary functions in one 
place. However, such tools must meet the needs of local users and be adaptable to 
changing circumstances. Done well, the use of online tools could help to overcome 
barriers relating to changing landholder demographics and to enhance collaboration in 
line with the principles of adaptive co-management. 
This study highlights how issues such as internet access, privacy, technological 
proficiency and differing objectives can influence the design of an online collaboration 
tool for land management by landholders. While surveyed landholders were interested 
in having access to mapping and data upload functions, they expressed stronger 
preferences for functions relating to data security, sharing settings and key term 
searches. As such, care should be taken when framing any new tool developed for the 
region exclusively as PGIS, citizen science, social media or other restrictive terms. A 
truly adaptive online tool for the case study region would incorporate mapping and data 
upload functions but would allow space for adaptation over time in line with changing 
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